Introduction
The introduction of the neonicotinoids, imidacloprid and thiacloprid, to the market in the early 1990s opened the neonicotinoid era of insect pest control (Tomizawa and casida 2011) . Acting systemically, this new class of neurotoxic insecticides is taken up by plants, primarily through the roots, and getstranslocated to all parts ofthe plant through xylemic and phloemic transport (Bromilow et al., 1990 ). This systemic property combined withvery high toxicity to insects enabled formulating neonicotinoids for soiltreatment and seed coat with typical doses from 10 to 200 g/haenough to provide long lasting protectionof the whole plant from pest insects. Neonicotinoids interact with the nicotinic acetylcholine receptors (nAChRs) of the insect central nervous system. They act mainly agonistically on nAChRs on the postsynaptic membrane, mimicking acetylcholine, the natural neurotransmitter by binding with high affinity (Buckingham et . In some cases though the chemical is directly not toxic to honeybees it may affect some of the behavioral symptoms like loss of memory, which leads to colony collapse disorder (CCD) which is one of the indirect effect to honeybees. Some of the major metabolites of neonicotinoids are equally neurotoxic, acting on the same receptors (Suchail et (Casida et al., 2013) and imidacloprid is the second most widely used agrochemical in the world (Pollak, 2011) .
The worldwide production of neonicotinoids still increasing (Shao et al., 2013) with a large-scale use in Europe and US started around 2004. Neonicotinoids are nowadays authorized in more than 120 countries for more than1000 uses for the treatments of a wide range of plants including potato, rice, maize, sugar beets, cereals, oil rapeseed, sunflower, fruit, vegetables, soy, ornamental plants, tree nursery, seeds for export, and cotton. Neonicotinoids were assumed to be more efficient than the organophosphates and carbamates if they are replaced as seed treatment chemicals, they could be used in much lower quantities and they promised to be less polluting to the environment. It is however not the quantity that is relevant but the potency to cause harm, which results from toxicity, persistence and bioavailabilityto non-target species. Indeed, soon after the introduction of neonicotinoids, exposure to its residues in pollen, nectar, sowing dust, etc., of non-target pollinating insects became clear. This led to various harmful effects.
Bees near agricultural fields are exposed to a variety of pesticides via multiple routes at harmful levels throughout the foraging periods. Pesticides found include the neonicotinoids, clothianidin and thiomexotham, atrazine (an herbicide) and fungicides, including one known to synergize with neonicotinoids (propiconazole). Soils, pollen (bee collected and directly from plants), dandelions, dead and healthy bees, and planter waste products are all considered as potential exposure routes (Heather, 2012) .
Mode Of Action And Metabolism Of Neonicotinoid Insecticides
In depth studies have been undertaken to fully understand the mechanisms involved in both neonicotinoid mode of action and target sites in addition to the detoxification mechanisms. Most of the studies in bee have been directed at the neonicotinoid imidacloprid, although few investigations have revealed the metabolism of acetamiprid, where, clothianidin is a metabolite of thiamethoxam in honeybees.
Generally in insects (including the honeybee), acetylcholine is the main neurotransmitter; it binds to nicotinic acetylcholine receptors (nAChR) mediating fast cholinergic synaptic transmission (Barbara et al., 2008; Thany et al., 2010) . Honeybee sensory and motor functions are dependent on central and cholinergic pathways (Tomizawa and Yamamoto, 1992; Barbara et al., 2008) . Although widely distributed throughout the body, key areas of cholinergic transmission in the honeybee are the antennal lobes and mushroom bodies (thought to be involved in some aspects of olfactory conditioning, e.g. odor discrimination) located in the head (Barbara et al., 2008) .
Neonicotinoids have been shown to bind to the ligand gated ion channels (LGIC) at the α-bungarotoxin site on nAChR, along with other ligands including acetylcholine (Lind et Tomizawa and Yamamoto, 1993) . Although nAChRs are located on both the pre and post-synaptic membrane, neonicotinoids are more likely to affect post synaptic nAChRs (Buckingham et al., 1997) . Once bound to the nAChR, neonicotinoids are not broken down by acetyl cholinesterase like acetylcholine. This leads to over-stimulation of the nervous system and a buildup of acetylcholine in the synapse.
Studies have confirmed that neonicotinoids bind to a single binding site in honeybees . Studies evaluating the effects of neonicotinoids on continued nerve transmission across the synapses have identified different binding properties. Imidacloprid is a partial agonist of the nAChR that binds to the acetylcholine (ACh) recognition site (Barbara et al., 2008; Barbara et al., 2003; Benzidane et al., 2011; Deglise et al., 2002) . Clothianidin was found to be a full agonist in cockroaches (Periplaneta americana) but this has not been confirmed in honeybees (Benzidane et al., 2011) . Nitenpyram, despite having a neonicotinoid structure, behaves more like nicotine, and was observed that it binds to both the ACh site and an allosteric site within the nAChR (Tomizawa and Yamamoto, 1993) . Other insect species, such as the peach potato aphid (Myzuspersicae) appear to have an allosteric binding interaction between at least two nicotinic binding sites (Lind et al., 1999) .
The LGIC are pentameric molecules composed of five identical subunits (homomeric receptors) or different subunits (heteromeric receptors) arranged round a central pore, which is selective to Na (Sattelle, 2009 ). The subunits found in the honeybee are α1, α2, α3, α4, α5, α6, α8, α7, α9, β1, β2 (Dupuis et al., 2011) out of which α5, α8 and α9 are yet to be sequenced (Rocher and Marchand-Geneste, 2008) . Different combinations of subunits within the LIGC are present in different receptors throughout the body and may explain the susceptibility of some areas of the honeybee compared with others. For example, α2, α8 and β1 subunits were expressed in adult honeybee Kenyon Cells, whereas an additional subunit α7 was found in the antennal lobes (Dupuis et al., 2011) . Through structure activity relationship (SAR) it has been made possible to identify the 3-pyridylmethylamine moiety which is being considered essential for providing the insecticidal properties of neonicotinoids (Tomizawa and Yamamoto, 1992 . Of all the stress factors a group of neurotoxic pesticides, the neonicotinoids, has been singled out due to its extensive use in crop protection (Godfray et al., 2014) .
Toxicity of Neonicotinoids to Honey Bees and Detoxification Mechanism in Honey Bees
These nicotine-like compounds used for the protection of agricultural crops are systemic insecticides and trace residues can be found in nectar and pollen, andexposing bees that forage on these flowers. Most acute and chronic toxicity studies have been performed under laboratory conditions as semi-field, however field studies assessing toxicity are challenging (controlled multifactor experiments at the landscape scale are very hard to conduct) ( One of the principal mechanisms used by insects to escape the adverse effects of both natural and synthetic toxins, such as nicotine and the neonicotinoids is through metabolic resistance. The major enzyme super families responsible for the metabolism or detoxification of toxins are the cytochrome P450 monooxygenases (P450s), glutathione transferases (GSTs) and carboxylesterases (COEs) (Li et al., 2007) . The sequencing and annotation of the honey bee genome revealed a 50% or greater reduction in the number of genes encoding for these enzyme families relative to other insect genomes (Claudianos et al., 2006) . A comprehensive review on pesticide toxicity data (Hardstone et al., 2010) found that while honey bees can be sensitive to individual insecticides, andthey are no more vulnerable than other insect species. However, it has been suggested that the smaller number of detoxification genes may limit the capacity of honey bees to metabolize multiple toxins simultaneously, which causes bees to be more sensitive to synergistic interactions of pesticides e.g. 2004) were the first to assign a function to a specific honey bee cytochrome P450 enzyme by demonstrating that CYP6AS3 is involved in the detoxification of quercetin, a flavonol present in pollen and numerous floral nectars, while CYP9Q1, CYP9Q2 and CYP9Q3 were the first specific P450s identified to contribute to pesticide (tau-fluvalinate and coumaphos) detoxification in honey bees (Mao et al., 2011) . However, even though we are able to link specific enzymes or enzyme families to honeybee detoxification processes, the overall protection mechanisms that allow these insects to tolerate the variety of potentially toxic secondary metabolites and pesticides encountered in floral nectars and pollen remain largely unknown.
Nicotine is a highly toxic alkaloid primarily found in the plant family Solanaceae, including tomato, potato, green pepper and tobacco. It is a broadly effective defense against herbivores, with a mode of action resembling that of synthetic neonicotinoids; and is used as a non-syntheticinsecticide in the form of tobacco tea in organic farming methods (Isman et al., 2006) . Nicotine mimics acetylcholine at the neuromuscular junction in mammals, causing twitching, convulsions and even death (Steppuhn et al., 2004; Tomizawa et al., 2003) . In susceptible insects, the same mode of action is observed in the ganglia of the central nervous system. Only a few , 1992) ; however, the absence of evidence for costs has also been reported (Kliot et al., 2014) . Previously, we demonstrated that dietary nicotine had no significant adverse effects on lipid and protein reserves in honey bee larvae (Human et al., 2014), suggesting negligible energetic or metabolic costs associated with the observed nicotine tolerance.
To date, studies investigating the mechanisms involved in detoxification of pesticides and secondary metabolites in honey bees have utilized in vitro metabolism assays (enzyme assays) or toxicity bioassays in the presence or absence of known inducers or inhibitors of specific enzyme families involved in detoxification Honey bees' genome is characterized by a paucity of genes associated with detoxification, which makes them vulnerable to specific pesticides, especially to combinations of pesticides in real field environments. Many studies have investigated the mechanisms involved in detoxification of xenobiotics/pesticides in honey bees, from primal enzyme assays or toxicity bioassays to characterization of transcript gene expression and protein expression in response to xenobiotics/insecticides by using a global transcriptomic or proteomic approach, and even to functional characterizations. The global transcriptomic and proteomic approach allowed us to learn that detoxification mechanisms in honey bees involve multiple genes and pathways along with changes in energy metabolism and cellular stress response. P450 genes, is highly implicated in the direct detoxification of xenobiotics/insecticides in honey bees and their expression can be regulated by honey/pollen constitutes, resulting in the tolerance of honey bees to other xenobiotics or insecticides. P450s is also a key detoxification enzyme that mediates synergism interaction between acaricides/insecticides and fungicides through inhibition P450 activity by fungicides or competition for detoxification enzymes between acaricides (Gung and Diao, 2016).
Honey Constituents Up-Regulate Detoxification And Immunity Genes In The Western Honey Bee

A.Mellifera
The western honey bee A.mellifera is the most important managed pollinator species in the world; in the United States, its pollination services are estimated at contributing $14 billion annually to the economy (Henry et al., 2012) . As the bees must gather nectar for honey from spring through fall in temperate regions to make sufficient honey to maintain the colony through the winter months, they use a spectacular diversity of plant species as nectar sources. Indeed, their ability to pollinate so many different plant species contributes to their status as the premier managed pollinator in agricultural systems worldwide. However, despite the potential exposure to a broad diversity of phytochemicals in the nectar of the diverse (Mao et al., 2009 (Mao et al., , 2011 , whereas the acaricides coumaphos and τ-fluvalinate are detoxified by three enzymes in the CYP9Q subfamily (Mao et al., 2011 ). Regulation of these detoxification genes in A.mellifera differs in some respects from P450 regulation in other insects (Li et al., 2007) in that CYP6AS3, which metabolizes quercetin, is not inducible by its substrate or by Phenobarbital, a classic experimental inducer of insect P450 transcription. Regulation of genes involved in detoxification of dietary phytochemicals may be different in bees because honey, the principal source of energy to meet the metabolic needs of the hive, is processed from diverse floral nectar sources and its phytochemical composition varies according to locality and phenology. That P450s are regulated by predictable constituents of host plants in most insect herbivores (Li et al., 2007) suggests that there may be predictable constituents of honey that serve as specific inducers of detoxification enzymes. p-coumaric acid specifically up-regulates all classes of detoxification genes as well as selected antimicrobial peptide genes. This up-regulation has functional significance in that adding p-coumaric acid to a diet of sucrose increases midgut metabolism of coumaphos, a widely used in-hive acaricide, by ∼60%.
Toxicity of Neonicotinoids to Honey Bees and Detoxification Mechanism in Honey Bees
As a major component of pollen grains, p-coumaric acid is ubiquitous in the natural diet of honey bees and may function as a nutraceutical regulating immune and detoxification processes.
Detoxifying Enzymes In Honeybees
The honeybee genome has substantially fewer protein coding genes than Drosophila melanogaster and Anopheles gambiae with some of the most marked differences occurring in three superfamilies encoding xenobiotic detoxifying enzymes (Claudianos et al., 2006) . This variation makes extrapolation of responses to both individual pesticides and pesticide mixtures between species less reliable as there are only about half as many of the three major xenobiotic metabolizing enzymes glutathione-S-transferases (GSTs), cytochrome P450 monooxygenases (P450s) and carboxyl/cholinesterases (CCEs) in the honeybee. The glutathione-S-transferases group of enzymes that catalyze the metabolism of pesticides by conjugation of reduced glutathione, via a sulfhydryl group, to electrophilic centers on a wide variety of substrates. The P450s catalyze a range of reactions including oxidation and demethylation which may result in decrease in activity or produce active metabolites, e.g. the conversion of the neonicotinoid thiamethoxam to clothianidin.
The midgut in the honeybee is a major site of metabolism for ingested pesticides and interactions between chemicals at least in part may be influenced by effects on the detoxifying enzymes within the midgut, including microsomal oxidases, glutathione S-transferases and esterases. Microsomal oxidase assay required intact midgut because an inhibitor of P450 is released when midguts are dissected and midgut microsomal preparations contained mainly cytochrome P-420, the inactive form of cytochrome P-450, which may explain the low microsomal oxidase activity in microsomes ). The microsomal oxidase activities include aldrinepoxidase activity which is inhibited by malathion and permethrin, N-demethylase activity which is induced by diazinon and EPN neonicotinoid and O-demethlase activity which is induced by diazinon. Of the glutathione S-transferases, aryl transferase activity is significantly induced by diazinon and moderately induced by permethrin. Carboxylesterase activity is moderately inhibited by malathion and permethrin (Suh and Shim, 1988) . The P450s are thought to play a central role in insects in the metabolism of phytochemicals (Li et al., 2007) . Examples of such phytochemicals relevant to honeybees are the flavonoids (flavonolese, quercetin, kaempherol, galangin, fisetin, flavanones e.g. pinocembrin, naringin, hesperidin and flavones e.g. apigenin, acacetin, chrysin, luteolin) which occur as glycosides in nectar and are hydrolyzed to aglycones during the formation of honey and are also present in propolis and pollen (Viuda-Martos et al., 2008). However, when compared with other insects there are a significantly lower number of CYP3 clans (which include the CYP6s and CYP9s) associated with xenobiotics metabolism encoded in the honeybee genome (Johnson et al., 2010) . Although this may be related to the reduced exposure to chemically-defended plant tissues there is some suggestion that others e.g. the CYP6AS subfamily, have undergone an expansion relative to other insects (Mao et al., 2011) . CYP6 enzymes are recognized as being involved in the metabolism of dietary constituents in herbivorous insects (Li et al., 2007) . Therefore this expansion may be due to the presence of specific phytochemicals in the diet, e.g. in pollen and nectar, which may be concentrated in honey and bee bread (Adler, 2000) . The link to phytochemical exposure in honeybees is supported by the upregulation of three of the CYP6AS genes in response to consumption of honey (Johnson, 2008) . 14 ] imidacloprid have identified the distribution and metabolic pathways of imidacloprid in honeybees. Imidacloprid is readily metabolized (possibly by mixed function oxidases (Phase I metabolism)) to more water soluble products with an elimination half-life of 5 h; there is no evidence of conjugation prior to elimination. Six and 24 h after ingestion of imidacloprid at 20 and 50 μg/kg -1 bee, no imidacloprid was detected in the honeybee (Suchail et al., 2004b) . There are 5 metabolic products; 6-chloronicotinic acid is formed by the oxidative cleavage of the imidacloprid methylene bridge, urea derivative is formed by the reduction of the nitro group, hydroxylation of the imidazolidine ring to form 4,5-dihydroxy-imidacloprid and then 4/5-hydroxy-imidacloprid, and the dehydration of the 4/5-hydroxyimidacloprid and/or desaturation of the imidazolidine moiety of imidacloprid to olefin. The main metabolites are the urea derivative and 6-chloronicotinic acid. Unlike mammals, there was no guanidine derivative detected . Suchail et al. (2004a) also reported the distribution of imidacloprid and its metabolites throughout the body of the honeybee. The rapid appearance of metabolites throughout the body, combined with variations in the kinetic profile suggests that metabolism also occurs outside of the main focus in the midgut. The main metabolites, urea derivative and 6-chloronicotinic acid, were found particularly in the mid gut and rectum. In addition, 4/5-hydroxy-imidacloprid and olefin were found mostly in the head, thorax and abdomen, all of which are nAChR rich tissues. Furthermore, concentrations of these two metabolites peaked 4 h after ingestion of 100 μg kg -1 bee. The kinetics profiles can be related to the two distinct phases ofimidacloprid poisoning after acute exposure. There is a rapid onset of neurotoxicity in the form of hyper responsiveness, hyperactivity, and trembling; mortality is delayed until at least four hours post exposure (Suchail et al., 2004a (Suchail et al., , b, 2001 ). Insecticidal properties were found with olefin, and 4/5-hydroxy-imidacloprid which retain nitroguanidine (CH 4 N 4 O 2 ). LD50 values show that the olefin (48 h oral LD50 >36 ng/bee), in particular, is of similar toxicity to imidacloprid (48 h oral LD50 41 ng/bee) to bees (Nauen et al., 2001 ). Furthermore, both metabolites were found to bind to the nAChR. The delayed onset of death is thought to be as a result of the appearance of these toxic metabolites (Nauen et Although metabolism is fast, with 50% of acetamipridmetabolized 30 min after oral dosing with 100μg kg -1 bee, only 40% of the total radioactivity was eliminated after 72 h. This suggests that both the metabolites and parent compound persist within the honeybee. However, none of the breakdown products have insecticidal qualities (Iwasa et al., 2004) . The low toxicity of acetamiprid to honeybees is believed to be because of this rapid metabolism (half-life 25 min). (Brunet et al., 2005 ) also evaluated the distribution of acetamiprid and its metabolites in different compartments of the honeybee. Acetamiprid was rapidly distributed in all compartments and metabolized. Initially, acetamiprid was mainly detected in nAChR tissues of the abdomen, head and thorax with a distribution profile similar to that of imidacloprid (Suchail et al., 2004a) . However unlike imidacloprid, significant levels of metabolites were detected at 72 h throughout the honeybee compartments.
Toxicity of Neonicotinoids to Honey Bees and Detoxification Mechanism in Honey Bees
The metabolism of neonicotinoids was further explored by Iwasa et al. (2004) , who used synergists of both Phases I and II enzymes to identify the metabolic pathways used in neonicotinoid detoxification. This study confirmed the multiple functions of oxidases in the metabolism of many neonicotinoids. However, the toxicity of imidacloprid was not increased by the presence of potent cytochrome P450 inhibitors, such as piperonylbutoxide and Ergosterol Biosynthesis Inhibitors (EBI) suggesting P450s have a lesser role.The metabolomic and proteomic analyses show active detoxification of nicotine in bees, associated with increased energetic investment and also antioxidant and heat shock responses. The increased energetic investment is significant in view of the interactions of pesticides with diseases such as Nosema species which cause energetic stress and possible malnutrition (Ester et al., 2015).
II. Conclusion
Neonicotinoid pesticides (e.g. imidacloprid, clothianidin and thiamethoxam)are widely used for the systemic protectionof crops against biting and sucking insect pests.However, thecontinuous application of neonicotinoidsincreases the risk of pollinator'sloss due to their high toxicity to the honey bees. The loss of bee populations will cause a significantreduction of the cereal crop yields and consequently threaten the livelihood of human beings. So,it is high time wesavedthe non-targeted honeybees from the toxic chemicals by making different formulations of neonicotinoids which should be active against pest but should be non-toxic to honey bees which are nature's friendly creatures that benefit the ecosystem in a wide range of ways like pollination, provision of man with nutritional honey and bee wax.
